Divalent Mn ions cause an increase in the level of phenylalanine ammonia-lyase in gherkin hypocotyls. With the excepion of Mg ions, which had a small effect, no other metal ion has so far been found which could replace the Mn ion in this respect. Invertase and peroxidase were not significantly affected by the Mn treatment. The increase in phenylalanine ammonialyase activity is explained by the removal, under the influence of Mn ions, of hydroxycinnamic acids, which cause repression of phenylalanine ammonia-lyase synthesis and/or inactivation of phenylalanine ammonia-lyase. Arguments are advanced for the hypothesis that photochemical transformations of Mn complexes are involved in the photoinduction of phenylalanine ammonia-lyase in dark-grown gherkin seedlings.
Exposure of dark-grown gherkin seedlings to the light causes an increase in the level of PAL' (EC 4.1.3.5) (4) . In this respect blue light is the most effective; the photoinduction is probably not mediated by phytochrome (4, 5) . The nature of the events leading to the changes in the PAL level is still obscure. In this paper evidence in favor of a role of Mn will be presented. Such a function of Mn is not entirely unexpected, since it has been found that irradiation of dark-grown maize seedlings brings about the mobilization of Mn in the plant (13) .
MATERIALS AND METHODS
The experiments were performed with 3-day-old darkgrown gherkin seedlings Cucumis sativus L., cv. "Venlose niet plekkers," strain Tercken VI (9) . Unless otherwise stated, the seedlings were cut immediately above the roots and positioned side by side in Petri dishes, with the cut surface in the solution and the cotyledons hanging over the rim. The irradiations were carried out with blue light of 150 Mw/cm2 (19) . Determination of hydroxycinnamic acids (p-coumaric acid plus ferulic acid) and extraction and assay of PAL were performed as described before (4, 9) . Invertase was assayed by polarimetry (1) In order to achieve a more rapid uptake of Mn ions, the investigations were continued with seedlings which had been deprived of their roots and which had then been placed with the cut surface of the hypocotyl into the salt solution. A disadvantage of this method was that it introduced a wound effect: an increase in PAL activity in the tissue adjacent to the cut surface (6) . Therefore, throughout this paper, data on PAL activity are reported separately for the upper and the lower half of the hypocotyl, of which the former was not affected by the cutting (Fig. 1) . In this figure the changes in Mn concentration and PAL activity are presented in respect of seedlings which were either incubated in the Mn solution for 4 hr and then transferred to water or remained in the solution for 24 hr. Throughout the whole hypocotyl there was a much larger increase in the PAL level than in the preceding experiment. This increase lagged behind the accumulation of Mn and was maintained as long as more Mn was taken up. If cycloheximide was applied simultaneously with Mn, the increase in PAL activity was much lower, indicating that de novo protein synthesis was involved (see Table IV ).
The Mn treatment led to brownish purple staining of the gherkin hypocotyl, a phenomenon observed by other workers (14) (15) (16) 21) Table II shows that these two compounds lessen the effect of Mn with respect to the induction of PAL, indicating that the effect of Mn is related to that of irradiation rather than to that of wounding.
It was further found that in the hypocotyl of seedlings which were simultaneously irradiated during 24 hr and incubated in a MnSO4 solution the PAL level was higher than in seedlings irradiated alone or incubated in a MnSO4 solution in darkness (Table III) . The amount of p-coumaric acid, one of the end products of the pathway in which PAL is a key enzyme, was much higher in the seedlings which are only irradiated than in those simultaneously incubated in a manganese solution. Moreover, ferulic acid, another end product, was completely absent in the seedlings treated with Mn in the light. The same holds for the seedlings treated with Mn in the dark. Although a high PAL level was reached in these seedlings, the amount of p-coumaric acid present at the end of the 24-hr period was low. Figure 2 shows that when seedlings are treated with Mn in (3) . The data presented in Table IV demonstrate that simultaneous application of these compounds and Mn results in lower PAL levels than when Mn is given alone.
DISCUSSION
Incubation of dark-grown gherkin seedlings in a Mn solution results in the conversion of hydroxycinnamic acids into other products, probably tannins, and in an increase in the PAL level. It is likely that both phenomena are causally related.
The hydroxycinnamic acids, which are end-products of the pathway in which PAL is a key enzyme, repress PAL synthesis and/or induce a system which inactivates PAL (4, 18, 22, 23) .
The removal of these compounds would thus lead to an increase in the rate of synthesis of PAL and/or a decrease in the rate of inactivation of PAL. Thereafter the increase in PAL activity may cause the rate of synthesis of hydroxycinnamic acids to increase. In the interpretation of the data the possibility has to be taken into account that the hydroxycinnamic acids are present in different cell compartments and that only a certain proportion will affect the PAL level. The action of Mn might be due to a specific catalytic function in a peroxidaseoxidase reaction (12) . The conversion of hydroxycinnamic acids in such a reaction has been demonstrated in vitro (2) . The above mechanism would explain why PAL is specifically affected by the Mn treatment.
An observation probably related to the phenomena described in this paper has been made by Feruya and Gaiston (1 1), who found that in vitro preincubation of pea homogenates with Mn caused the destruction of certain phenolic compounds. The occurrence of a similar process in vivo can be implied from the effect of Mn on the IAA oxidase system of cotton (20) . Mn salts are the only naturally occurring compounds found so far which have the same effect as light on the PAL activity in gherkin seedlings. Sucrose and IAA appeared to inhibit the induction of PAL by Mn in a similar way as they inhibit its photoinduction. Joyard and Fourey (13) recently reported that maize seedlings in the period following the transfer from darkness to the light exhibit important changes in the status of Mn inside and outside the proplastids. Part of the Mn might by this process get into a condition in which it is temporarily able to catalyze the conversion of hydroxycinnamic acids in certain cell compartments and thus to give rise to an increase in PAL activity. In addition to this, the possibility should be considered that Mn may be recycled in the light. After leaving the oxidative process in the trivalent state, the Mn could be reduced to the divalent state, as has been demonstrated in in vitro systems (10) . This might explain why in darkness a similar increase in PAL activity can be obtained only if high Mn concentrations are used. 
